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Abstract
We studied the coordination of binocular eye movements in human subjects with alternating exotropia (divergent strabismus).
Binocular saccades were recorded in six subjects during binocular and monocular viewing. Subjects were instructed to make
saccades between two continuously lit targets (LED’s) presented in an isovergence array (with the straight-ahead target 130 cm
from the eyes) in a dimly lit room. For saccades up to 20° amplitude, there were no large differences in the dynamics of the
saccades between control and exotropic subjects. However, for larger amplitudes subjects frequently alternated the eye of fixation
during saccades. That is, subjects fixated the left target with the left eye and the right target with the right eye. The alternation
in eye fixation at the end of the saccade was taken into account in the programming of the saccades. The amplitudes of the
alternating saccades were approximately equal to the target amplitude minus the strabismus angle. We conclude that for those
saccades where alternation occurs, there is not only a change in the eye of fixation, but also a change in the target representation
provided by either eye. Thus, in this group of strabismic patients, saccades may be programmed in a retina-centered coordinate
system, if we assume that for making a saccade to a new target in the contralateral visual field its representation on the temporal
retinal field of the currently fixating eye is suppressed and the retinotopic target information is derived from the non-fixating eye.
In executing the saccade, the non-fixating eye automatically becomes the fixating eye. © 2001 Elsevier Science Ltd. All rights
reserved.
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1. Introduction
Under normal conditions, a target that is being
fixated has a foveal representation on the retina of each
eye. When a peripherally located target becomes the
point of interest, a binocular saccade will be pro-
grammed to direct the fovea of both eyes to the new
target. In subjects with proper binocular alignment,
either eye can theoretically provide the retinotopic ref-
erence frame to program the binocular saccades. How-
ever, binocular alignment and binocular vision are not
innate (Thorn, Gwiazda, Cruz, Bauer, & Held, 1994),
but develop in early life. This process is disturbed in
individuals who develop strabismus. Strabismus can
result from disease or trauma (secondary), but often
starts during the first 6 months of life (infantile or
primary) without known cause (Von Noorden, 1996).
Individuals with manifest strabismus (squint) can not
simultaneously direct both eyes towards one single vi-
sual target. The non-fixating eye is deviated outward in
exodeviations (divergent strabismus) or inward in es-
odeviations (convergent strabismus) (Von Noorden,
1996). The normal visual target representation, medi-
ated through each eye, is confounded by the presence of
a large strabismus angle, which potentially gives rise to
multiple internal target representations and thus
diplopia. A number of investigators (Travers, 1938;
Schor, 1977; Steinbach, 1981; Sireteanu, 1982; Joosse,
1999; Joosse, Simonsz, van Minderhout, Mulder, and
de Jong, 1999) have shown that suppression scotomata
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may play an important role in preventing this from
happening.
In this paper, we specifically address the coordination
of binocular saccades in subjects with exodeviations
who have a tendency to alternate eye fixation. Whereas
individuals with micro-strabismus (strabismus of only a
few degrees) often have binocular fusion, sometimes
even with gross stereopsis, subjects with large angle
strabismus have suppression of the fovea of the non-
fixating eye to avoid diplopia. This can be achieved by
temporary suppression of the fovea of the non-fixating
eye (in alternating strabismus patients), or by perma-
nent suppression of one of the eyes. Strabismus patients
younger than approximately 7 years of age with perma-
nent suppression of one eye develop (without occlusion
therapy) a deep amblyopia in that eye. Strabismus
patients who alternate (spontaneously or induced by
occlusion therapy) remain capable of using both eyes
for (monocular) fixation and have normal visual acuity
in each eye. Some of those patients, like the ones who
served as subjects in our study, have a spontaneous
tendency to alternate eye fixation during saccade tasks.
A limited number of studies have focussed on the
binocular coordination in alternating exotropes. Stein-
bach (1981) measured alternation (fixation-switching
saccades) between the left and right eye in exotropes
who fixated a central target with the left eye and the
right eye alternatingly. By flashing patterns that were
visible to the left or right eye only, he found that the
switching of the suppression between the two eyes
coincided with the onset of the saccade. Sireteanu
(1982) found, in alternating exotropes, that the central
visual fields of both eyes were partly suppressed, while
the far periphery of the visual fields of both eyes was
often combined with some binocularity.
In this paper, we extend the observations made by
these investigators to a more complete description of
the coordination of horizontal binocular saccades in
alternating exotropes. We also provide a possible mech-
anism by which the brain not only alternates the eye of
fixation during saccades, but also uses the retinotopic
target representation of each eye alternatingly. We will
discuss the consequences of this strategy for the coordi-
nation of horizontal saccades.
2. Methods
2.1. Subjects
Six adult subjects with exotropia, diagnosed and
recruited in the Rotterdam Eye Hospital and six con-
trols (colleagues and students), participated in our ex-
periments. All subjects gave their informed consent,
according to the rules of the ethics committee of the
Erasmus University Rotterdam and of the Rotterdam
Eye Hospital. Before the experiments all subjects under-
went ophthalmologic and orthoptic examinations in the
Rotterdam Eye Hospital. The main results of this ex-
amination are shown in Table 1. All subjects who
needed refractive corrections wore appropriate glasses
or contact lenses during the experiment. We selected the
strabismus subjects from a larger group of exotropic
patients, based on their behaviour of alternating fixa-
tion. Five of the six exotropic subjects had infantile
strabismus and underwent several eye muscle surgeries
in childhood, with unsatisfactory long-term results. One
subject (c6) developed normal binocular vision during
early childhood. However, he lost binocular fusion
when he developed exotropia later on, which he re-
gained after strabismus surgery at age 16.
2.2. Visual conditions
We used a horizontal isovergence array of real LED
targets (Fig. 1). In this array, the central target was
straight-ahead at a distance of 130 cm from the eyes
(corresponding to approximately 2.9° vergence during
binocular fixation, varying with inter-pupillary dis-
tance). Pairs of LED’s were lit to elicit horizontal
saccades ranging in amplitude from 10 to 40°. They
were presented symmetrically across the midline or
eccentrically. Each target combination of LED’s was
continuously lit on in a dim background. Saccades were
paced by a metronome at 2 s intervals.
Table 1
Summary of the relevant clinical history of the exotropic subjects used in our study
Present horizontalSex First surgeryStrabismus typeAge (years)Subject Visual acuity
(years) strabismus+angleR/L
1 Infantile esotropia1.0/1.0 Exotropia 8°531M
M 24 1.0/1.02 Infantile esotropia 1 Exotropia 10°
3 F 17 1.0/1.0 Infantile esotropia 8 Exotropia 12°
4 Exotropia 13°7Infantile heterotropia1.0/1.0M 19
F 18 1.0/1.05 Infantile heterotropia 3 Exotropia 19°
M 166 1.0/1.0 Decompensated intermittent Exotropia 20°16
exotropia
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Fig. 1. Top view of experimental setup. Visual targets (red LED’s)
were placed on an isovergence array, thus providing a constant
vergence angle. In each trial two targets were lit simultaneously.
2.4. Experimental procedure
We positioned the subjects in the center of the mag-
netic field and made precise adjustments of the head to
minimise yaw, roll and pitch offsets. After these adjust-
ments, the head was restrained in this position with
chin and forehead rests. We anaesthetised both eyes
with drops of oxybuprocaine (0.4%, Minims, Romford,
UK) and inserted the scleral search coils. We instructed
the subjects to keep their head stable in the central
position against the chin and forehead rest and to
refrain from blinking during a trial, particularly during
the gaze-shifts. Subjects initiated each trial themselves
by pressing a button when they felt ready. Each trial
lasted 12 s and we obtained at least four saccadic gaze
shifts per trial.
Target combinations were presented with binocular
viewing, monocular right eye viewing and monocular
left eye viewing. Recording sessions always started and
ended with calibration fixations.
3. Results
3.1. Alternating ersus non-alternating saccades
All control subjects made conjugate saccades under
binocular and monocular viewing conditions. The dy-
namics of the horizontal binocular saccades showed the
normal characteristics, including a transient divergence,
as described before by Collewijn, Erkelens, and Stein-
man (1988). Typically, under monocular viewing condi-
tions a small drift of the non-viewing eye occurred. The
differences in drift velocities between the viewing and
non-viewing eye, however, were small (0.1 and 
0.2°/s, respectively). (Fig. 2).
In the exotropic subjects, binocular saccades smaller
than 20° were, apart from the presence of a strabismus
angle, virtually indistinguishable from saccades made
by the control subjects. However, for larger saccades
we observed an alternation in eye fixation during hori-
zontal saccades. One of the eyes fixated the first target
and, after the saccade, the fellow eye fixated the second
target. Fig. 3 shows an example of binocular saccades
made by a control subject (left panel) and alternating
saccades made by an exotropic subject (subject c2,
right panel) for two targets separated by 20° symmetri-
cally across the midline. The alternating saccades in the
exotropic subject can be readily identified: the saccade
amplitude of each eye was smaller than the required
amplitude between the two targets. When a saccade was
made to the left target, the left eye landed on the target
(in this case with a small overshoot), and, vice versa,
when a rightward saccade was made, the right eye
landed on the target. Note that the saccades made by
the fixating and non-fixating eye are conjugate, even for
2.3. Data collection and analysis
We recorded the orientation of both eyes with scleral
coils (Skalar, Delft) in an a.c. magnetic field (Robinson,
1963). Signals were low-pass filtered with a 250 Hz
cut-off frequency, and sampled at 500 Hz with an AD
converter (CED 1401, Cambridge Electronic Design,
Cambridge) and digitally stored. We precalibrated
search coils and, in addition, monocular fixations were
used for off-line calibration.
We analysed the data off-line with custom software
written under PV WAVE (Visual Numerics, Houston).
We defined the 0° eye angle as the orientation of both
lines of sight straight-ahead and parallel. Following
from this definition, binocular fixation of the straight-
ahead target at 130 cm distance required a 1.45° inward
rotation of each eye (with an inter-pupillary distance of
6.5 cm). All ocular rotation angles were expressed in
Helmholtz coordinates (Carpenter, 1988). Leftward and
downward orientations and velocities were signed nega-
tive. We calculated the vergence- or strabismus angle as
left eye orientation minus right eye orientation (strabis-
mus angles in exotropia thus being negative).
Saccades were detected based on the following crite-
ria in both eyes: velocity exceeding 12°/s, acceleration
exceeding 2000°/s2, duration between 12 and 200 ms
and amplitude exceeding 1°. After this rough detection
of saccades, our software (described before by Van der
Steen & Bruno, 1995) determined the exact starting
point of each saccade.
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the corrective saccades. The subjects were mostly un-
aware of their spontaneous switching of fixation during
saccade tasks.
All six exotropic subjects alternated during 40° sym-
metrical horizontal saccades. During tasks with smaller
and/or eccentric saccades, fixation behaviour differed
between subjects. Subjects 1, 2, 3 and 4 alternated dur-
ing saccades larger than 10° to either side, whereas in
subjects 5 and 6 alternating saccades occurred only for
amplitudes larger than 20° to either side.
A summary of alternating versus non-alternating sac-
cades in relation to target amplitude and position under
binocular viewing conditions for each subject is shown
in Table 2. For each target separation, the occurrence
of alternating saccades is indicated by the capital A,
whereas situations where the subject preferred to use
the left or the right eye only when making saccades, are
indicated by L and R, respectively. The combination of
L/R indicates that the subject sometimes had a left eye
preference, and sometimes a right eye preference, but
did not alternate.
3.2. Saccade targeting in exotrope ersus control
subjects
Alternating the eye of fixation has its consequences
for the required saccade amplitude. In computing the
correct saccade amplitude, the strabismus angle has to
be taken into account. Thus, whereas in normal sub-
jects the ratio between saccade and target amplitude is
almost unity, in exotropic subjects this ratio depends on
the occurrence of alternating saccades. This is demon-
strated in Fig. 4. In this figure the dashed line shows the
linear fit (slope=0.99, r2=0.98) of saccade versus
target amplitude of one control subject. The solid lines
show the relation between saccade and target amplitude
of three exotropic subjects who systematically alter-
nated for saccades larger than 10°. (For each subject
Fig. 2. Binocular saccades between two targets symmetrically across the midline (A=20°). In this and following figures the left eye is represented
by a solid black line, the right eye by a black dashed line. The grey solid and dashed lines indicate the ideal monocular target fixation for left and
rigth eye, respectively. Right and leftward saccades are upward and downward deflections, respectively.
Fig. 3. An example of conjugate binocular saccades made by a control subject (left panel) and an example of alternating saccades made by a
subject with exotropia (right panel).
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Table 2
Prevalence of alternating saccades as a function of target amplitudea
(a) Symmetrical saccades (across midline)Subject (b) Eccentric saccades (from midline to periphery and back)
20° 30° 40° −30° −20°10° −10° 10° 20° 30°
L/A L/A A A A L1 LL L/A A
A A A A AL L2 L/A A A
A A A A A3 LL/R L A A
A A A –L –4 – – –
L L A L5 LL L/R L/R L/R R
R R A A R R R R AR6
a A, alternating; L, left eye fixates; R, right eye fixating.
the averaged saccade amplitudes at 10, 20, 30 and 40°
target amplitude are represented with different sym-
bols). Except for 10° targets, only those saccades were
selected where the subjects alternated, which was the
case in 85% of the total number of saccades produced
by these three subjects. The strabismus angles of the
three subjects were 8, 10 and 12°, respectively. For
target separations larger than 10°, the ratio between
target and saccade amplitude in the exotropes deviated
from the ratio found in the control subjects. The slopes
of the regression lines over the range of 20–40° were in
most cases close to unity, but the intercepts varied
between 5 and 10°. These values approximately corre-
spond to the target amplitudes minus the strabismus
angle (Table 3). Subjects 4, 5 and 6 were not included in
this figure because in those subjects showed alternations
only at 40° target separation or their data were incom-
plete, as was the case for subject 4.
The far right column in Table 3 gives the standard
deviations of the averaged targeting saccades at any
given amplitude in the control (n=6) and exotropic
subjects. These data show that exotropes made less
precise primary targeting saccades than the control
subjects did. The variability in primary saccade ampli-
tude in the exotropes also explains why the slopes of
some of the regressi on lines plotted in Fig. 4 were
considerably less than one. The primary saccade in
exotropes frequently undershot the target and had to be
corrected by a secondary saccade. These secondary
saccades were not taken into consideration in determin-
ing the ratio between saccade and target amplitude.
3.3. Main sequence characteristics of exotropes ersus
control subjects
To test for possible differences in the dynamics of
saccades, we compared the main sequence characteris-
tics of exotropic versus control subjects. The saccades
of both eyes were pooled for binocular and monocular
conditions (Fig. 5, top panel). The eye-switching in the
subjects with exotropia causes a limitation to the range
of the saccadic amplitudes compared to control sub-
jects. Therefore, we could only compare the amplitudes
and peak-velocities of all saccades made during trials
with target separations up to 20°.
We used a Monte Carlo bootstrap procedure (n=
1000) to test for differences between control and ex-
otropic subjects (Efron & Tibshirani, 1993) The
amplitude velocity relationship for the two populations
was fitted with the following exponential function:
V=S(1−e−A/). (1)
Fig. 4. Relationship between target and saccade amplitude in subjects
with and without exotropia. Rightward and leftward saccades are
plotted separately. The dashed line indicates the linear regression line
fitted through the averaged primary saccades of a control subject. The
mean saccade amplitude with S.D’s for three subjects with exotropia
are indicated with solid lines. (squares: subject c1, 8° exodeviation;
circles: subject c2, 10° exodeviation and inverted triangles: subject
c3, 12°exodeviation). Note the transition in saccade target ratio for
saccades larger than 10°. Detailed statistical information is provided
in Table 3.
A.F. an Leeuwen et al. / Vision Research 41 (2001) 3425–34353430
Table 3
Linear fit parameters of saccade/target amplitude relationship in control (averaged over six subjects) and three (separately calculated) exotropic
subjectsa
DirectionSubject AStrabismus angle (°) R2 Y0 S.D. (Amp.)
R 0.98Control 0.99– −0.3 0.23
L 0.99 0.98 0.2 0.26
R 0.95 0.998 −9.8Exotrope c1 1.66
L 0.59 0.96 4.9 2.29
10Exotrope c2 R 0.87 0.99 −9.5 2.28
L 0.82 0.86 8.2 1.96
R 0.63 0.88 −8.8Exotrope c3 3.2712
L 0.84 0.99 8.2 3.19
a A, slope; R2, goodness of fit; Y0, intercept. The far right column shows the variability in primary targeting saccades expressed as the standard
deviation of the mean position during the intersaccadic fixation periods.
In this formula V is fitted peak velocity, A is saccade
amplitude, and S and  are the two fit parameters (the
saturation level and the length constant, respectively).
The amplitude velocity relationship of the exotropic
subjects could be described by S=4279°/s and =
8.030.3. The values (n=1000) of S and  for the
control subjects were 4909°/s and 8.280.32, re-
spectively (lower panel, Fig. 5, open symbols). Both
parameters were significantly different between the two
populations (t-test; P0.001).
In conclusion, the main sequence for the exotropes
was characterised by a lower peak velocity and longer
length constant than for the control subjects.
Within the group of exotropes, we also looked for
differences in saccade dynamics between alternating
and non-alternating saccades. Fig. 6 depicts a typical
example of alternating saccades for subject c6. This
subject alternated during 40° symmetrical saccades and
30° eccentric saccades. Alternating saccades during
binocular viewing are shown in the left panel of Fig. 6.
During the fixation periods, the non-fixating eye
drifted (velocity0.2°/s), while the fixating eye was
more steady (drift0.1°/s). The right panel shows non-
alternating saccades elicited in the same subject when
forced to use his right eye only (left eye occluded),
during a 20° saccade task. The alternating saccades
during binocular viewing are indistinguishable from
non-alternating saccades during monocular viewing.
The similarity of saccade dynamics under alternating
and non-alternating conditions is more quantitatively
demonstrated in the main sequence plots of saccades
under the two conditions.
Fig. 7 (top panel) shows the amplitude/peak velocity
relationship of alternating and non-alternating saccades
of subject c6. The bootstrap results are plotted in the
lower panel of Fig. 7. The fit parameters (S and  , the
same parameter used to describe exotropes versus con-
trols) were P=41815°/s, =6.380.48°/s for alter-
nating saccades, and P=39826 °/s,
=6.230.78°/s for non-alternating saccades. These
values were not significantly different. In conclusion,
within the exotropes no differences exist between alter-
nating and non-alternating saccades.
3.4. Intersaccadic fixation stability in exotropic subjects
The eye movement traces in Fig. 3 suggest that
intrasaccadic fixation stability is less than that of con-
trol subjects during intrasaccadic fixation periods. This
Fig. 5. A comparison between control (n=6) and exotropic subjects
(n=6) in the main sequence of saccades. Top panel: peak amplitude
velocity relationship of the two groups, with the exponential fits
through the datapoints. Lower panel: the relation between  and P
after bootstrapping (n=1000) the main sequences of the two popula-
tions in the top panel. Note the cross-correlation between the  and
P in both populations.
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Fig. 6. A comparison of binocular saccades made by a subject with exotropia under binocular (left panel) and monocular conditions (right panel).
Note the alternating saccades in the left panel.
is further illustrated in Fig. 8. This figure shows XY-
plots of left and right eyes of two exotropes and a
control subject during + and −20° saccades from
center to periphery and 40° saccades symmetrical across
the midline. In these plots, the eye orientation for
correct target fixation is depicted for the left (solid
traces) and right eye (dotted traces) separately. In the
control subject, both the left and the right eye fixate the
target. The two exotropes used as examples (Subject 1
and 6, middle and right panel, respectively) fixate with
either the left or the right eye. Subject 1 uses his left eye
during asymmetrical saccades, whereas subject 6 uses
his right eye during the 20° saccades. Both subjects
alternates during 40° saccades. Notice that subject 6 has
both a horizontal and a vertical strabismus component.
Therefore, during alternation his saccades were oblique.
We quantified the fixation stability in control and
exotropic subjects using a peak analysis. We calculated
the position distributions (bin width=0.25°, n=7535)
of the right and left eye during the intrasaccadic periods
around the mean position during that period. The





In Eq. (2) y0 represents the offset (in percent) of the
bins above zero, x the value along the x-axis, and x0
the value of the central bin. The fit parameters P and 
give an estimate of the height of the peak (in percent)
and the width of the distribution (standard devia-
tion), respectively. As illustrated in Fig. 9 and Table 4
exotropes are less stable during the intrasaccadic peri-
ods than the control subjects.
In conclusion, alternating exotropic subjects are not
only less precise in saccadic targeting; they are also less
stable during fixation, both with the viewing and with
the non-viewing eye.
3.5. Surgery outcome
Some of the subjects underwent eye-muscle correc-
tions after our first measurements. Two of them (sub-
jects 2 and 4) participated in our experiment a second
time, approximately 6 months after the surgery. Al-
though the strabismus angle had become smaller after
surgery, the subjects still alternated, with saccades
adapted to the new situation.
4. Discussion
The alternations observed in exotropic subjects reveal
the remarkable capability of the brain to use alternative
strategies to overcome the problem of binocular mis-
alignment. In our paradigm, the subjects were in-
structed to make voluntary saccades between two
targets at different locations in visual space. This in-
volves a process where, in order to execute a saccade, a
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Fig. 7. A comparison between main sequence parameters of alternat-
ing and non-alternating saccades in a subject with exotropia. Top
panel: peak amplitude velocity relationship of the two groups, with
the exponential fits through the datapoints. Lower panel: the relation
between  and P after bootstrapping (n=1000) the main sequences of
the two populations in the top panel.
exotropic subjects show a transient divergence typical
of binocular saccades (Collewijn et al, 1988). In the
exotropic subjects this transient divergence occurs both
in alternating and non-alternating saccades. However, a
closer analysis reveals that there are a number of quan-
titative differences in saccade characteristics between
control and exotropic subjects. First, binocular sac-
cades made by exotropes are significantly slower than
those of control subjects (Fig. 5). This is true irrespec-
tive of the occurrence of alternating or non-alternating
saccades. Secondly, in exotropes, the amplitude of the
primary saccades (i.e. the initial saccades before correc-
tion saccades have occurred) is more variable than in
control subjects. The latter group performed similar as
the control subjects described by Lemij and Collewijn,
1989. Thirdly, fixation during the intersaccadic intervals
is less stable in exotropes than in control subjects.
The main question is to find an explanation why
these subjects with exotropia make alternating sac-
cades, followed by the question why this strategy might
affect fixation stability and saccade dynamics.
The alternating saccades described in our experi-
ments are comparable with the fixation-switch saccades
in exotropic subjects as described by Steinbach (1981).
However, in contrast to the subjects in the experiment
of Steinbach, our subjects were not aware of the
changes in eye of fixation. Recent experiments in our
department (Van Leeuwen, Westen, van der Steen, de
Faber, & Collewijn, 1999) showed that subjects with
insufficient convergence sometimes alternated during
saccades, although they had normal stereopsis. The
results by Van Leeuwen et al. suggest that binocular
strategies are dependent on the subject’s binocular co-
ordination and on the visual task. In these exotropes,
the ability to make alternating saccades may have
developed as a result of a strategy to avoid large
amplitude eye movements. In exotropes, permanent
target selection has to take place, based upon which the
required saccade amplitude is computed. We will dis-
cuss how this process might work in exotropic subjects.
At first sight, binocular saccades in exotropic subjects
are, apart from the strabismus angle, remarkably simi-
lar to those made by control subjects. Both control and
Fig. 8. XY plots of a control subject (left panel), and two subjects with exotropia (middle and right panel). For explanation see text.
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Fig. 9. Position distributions (bin width=0.25°, n=7535) of the right and left eye during the intrasaccadic periods around the mean position
during that period (on average 2 s intervals) in control subjects (top panels) and subjects who made alternating saccades (lower panels). The
distributions were fitted with a gaussian function. The formula is shown in the figure. The fit parameters P and  give an estimate of the height
of the peak and the width of the Guassian distribution, respectively.
suppression of one eye seems less effective, because
mechanical constraints due to the exodeviation compli-
cate large amplitude eye movements.
The strategy to alternate the eye of fixation is the
most efficient way for exotropes to use their oculomo-
tor system over its maximum range. This implies that
oculomotor mechanisms, and not central cortical mech-
anisms, are the driving forces behind the strategy of
alternating saccades.
This is corroborated by the fact that one of our
subjects (subject 6) developed his alternating saccades
at the age of 16 (Table 1). This suggests that alternating
strategies may still develop beyond the age where the
visual system has matured.
The ability to make saccades that start with left eye
fixation and end with right eye fixation and vice versa,
suggests programming of saccades based on retinotopic
representation of a target that present alternatingly in
one eye and then the other. It has been suggested that
normal subjects use this ability when targets are partly
occluded (Anderson & Nakayama, 1994), for instance
when the nose occludes nearby targets on the left and
the right of a subject. Results of Erkelens, Muijs, and
van Ee (1996), Van Leeuwen, Westen, van der Steen, de
Faber, & Collewijn (1999) suggest that monocular pref-
erences and oculomotor strategies are correlated. Sub-
jects without a monocular preference (or with an
alternating preference) might not have a consistent
suppression of one eye, but a direction-dependent or
fixation-dependent local suppression. This phenomenon
seems comparable between subjects with and without
exotropic strabismus.
A number of investigators have reported suppression
scotomata in subjects with divergent strabismus. In
most studies a scotoma of the nasal visual field in the
deviating (=non-fixating) eye was found including or
excluding (Travers, 1938; Herzau, 1980) the fovea of
the deviating eye. Sireteanu (1982) found that strabis-
Table 4
Summary of the parameters P (=maximum value in percent) and 
(=standard error) describing the Gaussian fit of the pooled position
distribution of control and exotropic subjectsa
ControlFit Exotropes
P  P 
Eye
0.32R 66 0.14 25Right target
0.4817L 0.1369
24 0.34RLeft target 73 0.13
280.1755 0.3L
a Each distribution is based upon 7535 observations. The values for
Right (R) and Left (L) eye during right and left target fixation are
given separately.
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mus subjects with alternating fixation had suppressed
central regions in the visual field of the non-fixating eye
while the periphery of both visual fields showed a high
degree of binocular co-operation through anomalous
retinal correspondence.
Recently, Joosse (1999) investigated suppression sco-
tomata in 15 subjects with divergent strabismus. Most of
these cases (12 out of 15) had under binocular viewing
conditions a large area of suppression including the
projection of the fixation point as well as that of the fovea
in the non-fixating eye. The remaining cases had a nasal
hemi-suppression or a small fixation point suppression of
the deviating eye. Although these reports on suppression
scotomata are highly variable and sometimes controver-
sial, they strongly suggest that suppression mechanisms
play an important role in target selection (thereby
avoiding diplopia) and in the consecutive step of comput-
ing the appropriate saccade motor commands. In addi-
tion, in subjects with normal binocular coordination and
stereopsis the visual images of both eyes can not always
be combined either. During difficult binocular tasks, the
visual field of one of the eyes can be completely or
partially (Erkelens et al., 1996) suppressed to prevent
diplopia or rivalry.
In Fig. 10, we show a scheme that illustrates a possible
mechanism of how saccade programming can be accom-
plished.
In this figure, the left eye fixates the target on the left
side. The representation of the left target is on the fovea
of the left eye. The left target representation on the retina
of the deviating right eye falls on the temporal retina,
which according to most investigators is suppressed. In
principle, the brain can, in order to program a saccade
to the right where the right eye becomes the fixating eye,
rely on several mechanisms. One solution is that the brain
uses the right target representation in the left eye. This
may be the preferred strategy when alternation in ex-
otropes does not occur. However, this implies that when
an alternating saccade is made, the brain must also have
information about the squint angle to subtract this from
the retinotopic coordinates of the left eye. The other more
straightforward possibility is that the retinotopic infor-
mation of the right target in the right eye is used to
compute the correct saccade amplitude directly. This
strategy, however, has some disadvantages. We showed
that the deviated eye is not very stable. Consequently, we
expect diminished saccadic accuracy if retinotopic infor-
mation is used. This is exactly what we find (Table 3).
We cannot exclude a third possibility, that is that the
system uses, as an extension of retinocentric coding,
headcentric information. In strabismic patients headcen-
tric information can be derived from the retinal position
information of the eye that perceives the image in
combination with the starting eye position of that eye.
If the image is perceived in the currently non-fixating eye
(the exodeviating eye), the errors due to the strabismus
angle in sensed position of target location in headcentric
coordinates and information about starting position of
that eye, cancel each other. Thus, if this headcentric
information is used, the strabismus angle should not
affect the accuracy of the saccade. However, an argument
against this scenario is the diminished stability of the
non-fixation eye. Because in headcentric space, starting
eye position is continuously available, fixation instability
should not affect saccadic accuracy. This is in contrast
to what we find.
A fourth theoretical possibility would be that our
subjects had abnormal retinal correspondence (ARC),
such that target location could be localized correctly by
the fixating and deviating eye. ARC is usually observed
in patients with infantile onset of strabismus. However,
patients 1–5 had a consecutive divergent strabismus
following strabismus surgery. Patient 6 developed nor-
mal binocular vision during early childhood. However,
he lost binocular fusion when he developed exotropia
later on, which he regained after strabismus surgery. In
none of our subjects ARC could be demonstrated during
orthoptic examination. Based upon this we refute ARC
as a possibility to explain our findings.
Fig. 10. Graphical representation of the role of suppression mecha-
nisms in the generation of alternating saccades. The scheme shows the
retinotopic representation of the right and left eye, and at a higher
level in the brain the resulting central representation assuming the
existence of suppression of parts of the visual field. TL, left target
retinal representation; TR, right target retinal representation; F,
fovea. For a more detailed explanation see text.
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The differences in main sequence parameters between
control and exotropic subjects may be related to the
presence of suppression scotomata. Zhou and King
(1998) have shown that the pontine saccadic excitatory
burst neurons (EBN’s) projecting to oculomotor neu-
ron pools receive information from both eyes.
It is conceivable that the suppression mechanisms of
part of the visual field also have their effect on the
amount of input driving these burst neurons. Conse-
quently, both the pulse and step of the saccade will be
affected, which is consistent with our findings.
General conclusions: In alternating exotropes, the
programming of saccades can be based on information
from either eye. If the preference for one eye is rela-
tively strong, the tendency to alternate is small. Alter-
nations during horizontal saccades in exotropic subjects
occur more frequently when saccadic amplitudes in-
crease. The presence of suppression scotomata facili-
tates the programming of alternating saccades, but has
its repercussions for saccade dynamics and precision.
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